Twisted graphene bilayers (TGBs) exhibit different electronic properties depending sensitively on the twisted angle [1] [2] [3] [4] [5] [6] [7] [8] . This is especially the case at twist angles θ < 2°, for which the Fermi velocity of the TGBs is strongly suppressed and the local density of states of the van Hove singularities (VHSs) becomes dominated by quasi-localized states in the AA-stacked regions of the moiré pattern [9] [10] [11] [12] [13] [14] . In such a regime, Coulomb interactions greatly exceed the kinetic energy of the electrons 7, 8, 15, 16 . Therefore, the TGBs with θ < 2° are expected to exhibit strongly correlated quantum phases that are almost impossible to realize in graphene monolayer. Very recently, a Mott-like insulating phase 7 and unconventional superconductivity 8 are observed in magic angle
TGBs with θ  1.1°, where the low-energy Fermi velocity of the system is almost zero.
These results have attracted much attention both in experiment and theory. However, obtaining the TGB with exactly the magic angle is extremely difficult, preventing the experimental exploration of the strongly correlated quantum phases.
In this paper, we showed experimentally that it is possible to realize novel correlated quantum phases in slightly TGBs not limited at the magic angle. Our experiment demonstrated that a VHS with divergent density-of-state (DOS) splits into two spinpolarized peaks when tuning the Fermi level to the VHS of a 1.64° TGB, indicating that localized magnetic moments emerge in the AA-stacked regions of the TGB. Our experiment further demonstrated that the localized magnetic moments can be easily switched on and off by changing the occupation of the VHS.
In our experiment, large-area aligned graphene monolayer was grown on copper foils 17 and then we fabricated large-scale TGB with a uniform twist angle based on the aligned graphene, as schematically shown in Fig. 1a (see Methods and Supplementary [2] [3] [4] [5] [6] . Obviously, our experiment provides a general strategy to study twist engineering in graphene bilayer. Such a method could also extend to other two-dimensional systems.
The TGBs exhibit two low-energy VHSs (see Supplementary Fig. 3 for STS spectra of different TGBs 18 ), which depend sensitively on the twist angle. With decreasing the twist angle of the TGBs, the VHSs are approaching the Fermi level and the Fermi velocity decreases dramatically 4,9-13 . To explore possible exotic quantum phases, we systematically studied electronic properties of a TGB with θ  1.64° ± 0.10°, where the kinetic energy of the low-energy quasiparticles is expected to be strongly suppressed. Previously, similar spin splitting has been reported in the localized state induced by hydrogen atoms absorbed on graphene 26 . In our experiment, the spatial distribution of the VHS, i.e., the period of the moiré pattern, is about 8.6 nm, which is much larger than that, ~2 nm, of the localized state induced by hydrogen atoms absorbed on graphene 26 . Therefore, the observed splitting, ~3.0 meV, in our experiment is much smaller than that, ~20 meV, observed on the absorbed hydrogen atoms 26 .
According to the theory originally proposed by Anderson 19 , the magnetism of the quasi-localized state should be tuned by changing the occupation of the split states. We The result that the two split peaks are the spin-polarized states is further confirmed by carrying out measurements in magnetic fields. Figure 4a shows STS spectra of the two peaks in different magnetic fields. The doping of the two states various slightly with the magnetic fields because of the redistribution of charges between the graphene sheets and the supporting substrate in the presence of magnetic fields, as observed previously 27, 28 . A notable feature is that the energy separations of the two peaks increase linearly with the magnetic fields (Fig. 4b) , which further demonstrated that the two peaks are two spin-polarized states. Similar result has also been observed at other temperatures (see Supplementary Fig. 4 for STS spectra recorded at 1. For the Mott-like insulating phase observed in the magic-angle TGB 7 , the VHS also splits into two peaks at half filling, which is similar as that observed in the 1.64° TGB in this work. However, there are three important differences between them. First, the observed splitting ~ 3 meV in this work is much larger than the Mott-like insulating gap ~ 0.3 meV. Second, the Mott-like insulating phase is expected to be observed at exactly half filling of the VHS. However, the spin splitting of the VHS is observed even when the VHS is partially filled. Third, the observed splitting in this work increases with the magnetic fields, whereas, the measured Mott-like insulating gap decreases with the magnetic fields 7 . These differences arise from the distinct magnetic nature between the spin splitting of the VHS reported in this work and the Mott-like insulating phase observed in the magic-angle TGB 7 .
Interesting magnetic properties of two-dimensional systems around the VHSs were predicted long before graphene was isolated 29, 30 . Very recently, the magnetic properties of the TGBs with twist angles θ < 2° were also studied in theory [31] [32] [33] . In the theoretical work 32 , the authors considered the Hubbard model in a 1.5° TGB and predicted that the magnetic moments are mainly localized in the AA-stacked regions, which agrees quite well with our experimental result. Depending on the electrical bias between adjacent layers of the TGB, the authors predicted two possible magnetic orders: one is that the magnetic moments in the adjacent AA regions are parallel; the other is spiral magnetic order where there is a relative 120° misalignment between the magnetic moments of neighboring AA regions due to a frustrated antiferromagnetic exchange in the triangular lattice 32 . Further experiment, possibly with the help of spin-polarized STM, should be carried out to detect the exact magnetic coupling between the neighboring AA regions and its dependence on the electrical bias between layers in the slightly TGBs.
In summary, our findings demonstrated that there are magnetic moments localized in AA-stacked regions of the slightly TGBs. This opens the way towards the realization of exotic correlated quantum phases in slightly TGBs not limited at the magic angle.
Moreover, our result indicated that the slightly TGB could be an ideal system to study frustrated magnetism in two dimensions because of the triangular lattice of the AA regions. 
